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The ICSBEP and IRPhEP are a collaborative 
effort 

Scientists, engineers, administrative support, 
program sponsors

25 different countries have participated

o 22 in ICSBEP

o 21 in IRPhEP

Without these dedicated individuals, these 
benchmark projects would not exist.
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Benchmark Evaluation Process
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International Handbook of Evaluated 
Criticality Safety Benchmark Experiments

September 2016 Edition

 22 Contributing Countries

 ~69,000 Pages

 570 Evaluations

 4,913 Critical, Near-Critical, or 

Subcritical Configurations

 45 Criticality-Alarm-

Placement/Shielding 

Configurations

 215 Configurations with 

Fundamental Physics 

Measurements

 829 Unacceptable Experiment 

Configurations
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http://icsbep.inl.gov/
https://www.oecd-nea.org/science/wpncs/icsbep/



Breakdown of Current ICSBEP Benchmark 
Specifications

 748 plutonium experiments
 36 compound

 123 metal

 589 solution

 1435 highly enriched uranium 

experiments
 291 compound

 601 metal

 536 solution

 2 mixed compound/solution

 5 mixed metal/solution

 268 intermediate- and mixed-

enrichment uranium experiments
 156 compound

 47 metal

 65 solution

 1662 low enriched uranium 

experiments
 1398 compound

 87 metal

 117 solution

 60 mixed compound/solution
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 244 233U experiments
 6 compound

 11 metal

 227 solution

 536 mixed plutonium-uranium 

experiments
 301 compound

 52 metal

 86 solution

 76 mixed compound/solution

 21 mixed metal/compound

 20 special isotope experiments
 metal (237Np, 238Pu, 242Pu, & 244Cm)

 9 criticality-alarm/shielding 

experiments
 45 unique configurations with 

numerous dose points

 8 fundamental physics experiments
 215 unique measurements such as 

fission rates, transmission 

measurements, and subcritical 

neutron multiplication 

measurements



Recent Revisions to the Handbook
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 LEU-COMP-THERM-061
o VVER Lattice

o Fixed Hf absorber rod 
diameter error in figure 

 LEU-COMP-THERM-071
o UO2 Rod Arrays

o Improved uncertainty 
analysis

 FUND-NCERC-PU-HE3-
MULT-001
o Ni-Reflected Pu Sphere

o Revised uncertainty 
analysis for leakage 
multiplication

 6 Revisions
PU-MET-FAST-001

o Jezebel

o Updated masses for 
components

PU-MET-INTER-002
o ZPR-6/10

o Improved uncertainty 
analysis

HEU-MET-FAST-028
o Flattop

o Updated sample 
calculations



Revision:
PU-MET-FAST-001

LANL – Jezebel

Pu Sphere

Jeff Favorite

Discovered mass 
accountability 
statements, 
drawings, and 
logbooks
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Revision:
PU-MET-INTER-002

ANL – ZPR-6/10
Pu/C/SST Assembly 

Reflected by SS/Fe

Rich Lell

Updated 
uncertainty 
analysis based on 
results from more 
recent ZPR/ZPPR 
benchmark 
evaluations
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Revision:
HEU-MET-FAST-028

LANL – Flattop

HEU Sphere 
Reflected by Nat-U

Roger Brewer

Updated sample 
calculations from 
Jeff Favorite

Discrepancy noted 
in previously 
calculated results
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Revision:
LEU-COMP-THERM-061

Kurchatov

VVER Physics 
Experiments

P-Facility

Corrected error in 
benchmark diagram for 
absorber rod diameter 

Figure 8
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Revision: LEU-COMP-THERM-071

 LEU O2 Fuel Rod 
Array (CEA, Valduc)

Nicolas Leclaire
(IRSN)

 Updated uncertainty 
analysis, especially 
rod position 
uncertainty

 New photographs

 Updated sample 
calculations
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Revision: FUND-NCERC-PU-HE3-MULT-001

NCERC – Ni-
Reflected Pu 
Sphere

Benoit Richard

Jesson Hutchenson

Revised 
uncertainty 
analysis for 
leakage 
multiplication, ML
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Recent Additions to the Handbook

 6 New

HEU-MET-FAST-083

o Complex HEU 
Annuli

HEU-MET-FAST-096

o Critical Experiments 
for SORA Reactor

LEU-COMP-THERM-
097

o 7uPCX Al/Ti Rod 
Experiments
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ALARM-TRAN-PB-
SHIELD-001

o Fissile Solution Critical 
Excursion

ALARM-TRAN-CH2-
SHIELD-001

o Fissile Solution Critical 
Excursion 

FUND-NCERC-PU-HE3-
MULT-002

o W-Reflected Pu Sphere



New:
HEU-MET-FAST-083 

Complex HEU
Annuli (ORCEF)

ISU – Quinton Bealieu

 J. T. Mihalczo experiments to
test complex geometry capability
of early Monte Carlo codes with off-centered 
geometries
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New:
HEU-MET-FAST-096 

SORA Critical 
Experiments 
(ORCEF)

Liu Xiaobo (China)

 J. T. Mihalczo
experiments to 
mockup iron matrix 
and reflected pulse 
reactor 
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HEU-MET-FAST-096 Results
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New: LEU-COMP-THERM-097 

Ti/Al Rods in 6.9% Enriched UO2 Lattices 

Gary Harms – SNL

 21 experiments designed to test titanium 
nuclear data
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LEU-COMP-THERM-097 Results
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New: ALARM-TRAN-CH2-SHIELD-001 

Valduc SILENE 
with CH2 Reflector

Thomas Miller 
(ORNL)

Neutron 
activation and 
thermo-
luminescent 
dosimeter 
responses
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ALARM-TRAN-CH2
-SHIELD-001 Results
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New: ALARM-TRAN
-PB-SHIELD-001

Valduc SILENE 
with Pb Reflector

Thomas Miller 
(ORNL)

Neutron activation 
and 
thermoluminescent
dosimeter 
responses
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ALARM-TRAN-PB
-SHIELD-001 Results
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New: FUND-NCERC-
PU-HE3-MULT-002 

NCERC – W-Reflected
Pu Sphere

Benoit Richard

Jesson Hutchenson

Subcritical measurements with varying 
reflector thickness
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Evaluations Planned for Future ICSBEP 
Publication

 Bettis TRX Critical 

Experiments

 INL/NASA UF6 Spherical 

Gas-Core Reactor

 IRSN/Valduc H2O-

Moderated LEUO2 Rods 

with CH2 Core

 IPEN/MB-01 Subcritical 

Experiments

 NCERC Cu-Reflected Pu 

Sphere
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 SNL Ti Experiments in 

BUCCX

 JAEA TRACY Critical 

and Supercritical 

Experiments

 Westinghouse Saxton 

Plutonium Project

 Transient Reactor Test 

(TREAT)

 GODIVA-IV Revision



International Handbook of Evaluated Reactor 
Physics Benchmark Experiments

September 2016 Edition

 21 Contributing 
Countries

 50 Reactor Facilities

Data from 151 
Experimental Series

147 Approved 
Benchmarks

4 DRAFT Benchmarks
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http://irphep.inl.gov/
http://www.oecd-nea.org/science/wprs/irphe/



Breakdown of Current Reactor Facilities on 
IRPhEP Handbook

 6 Pressurized Water Reactor (PWR)

 DIMPLE, DUKE, EOLE, OTTOHAHN, 

SSCR, VENUS

 3 Vodo-Vodynaoi Energetichesky

Reactor (VVER)

 LR-0, P-Facility, ZR-6

 0 Boiling Water Reactor (BWR)

 9 Liquid Metal Fast Reactor (LMFR)

 BFS-1, BFS-2, BR2, FFTF, JOYO, 

SNEAK, ZEBRA, ZPPR, ZPR

 5 Gas Cooled (Thermal) Reactor 

(GCR)

 ASTRA, HTR10, HTTR, PROTEUS, 

VHTRC

 1 Gas Cooled Fast Reactor (GCFR)

 PROTEUS

26

 5 Light Water Reactor (LWR)

 CROCUS, DIMPLE, IPEN(MB01), 

KRITZ, TCA

 3 Heavy Water Reactor (HWR)

 DCA, ETA, ZED2

 0 Molten Salt Reactor (MSR)

 1 Reaktor Bolshoy Moshchnosti

Kanalniy (RBMK)

 RBMK(CF)

 6 Space Reactor (SPACE)

 ORCEF, SCCA, TOPAZ, UKS1M, 

ZPPR, ZPR

 19 Fundamental Physics Reactor 

Measurements (FUND)

 ATR, BFS-1, BFS-2, CORAL(1), FR0, 

HECTOR, IGR, KUCA, LAMPRE, 

MINERVE, NRAD, ORSPHERE, PBF, 

RA-6, RB, RHF, TRIGA, ZEBRA, ZPR



Recent Revisions to the Handbook

 4 Revisions

ZPR-FUND-EXP-009

o ZPR-6/10

o Improved 
uncertainty analysis

PFacility-VVER-
EXP-001

o VVER Lattice

o Fixed Hf absorber 
rod diameter error in 
figure 
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SCCA-SPACE-EXP-
003

o Be-Reflected HEUO2 
Space Reactor 
Mockup

o Added evaluation of 
potassium core

ZPPR-LMFR-EXP-
011

o ZPPR-2

o Added evaluation of 
sodium channeling 
measurements



Revision:
ZPR-FUND-EXP-009

ANL – ZPR-6/10
Pu/C/SST Assembly 

Reflected by SS/Fe

Rich Lell

Updated 
uncertainty 
analysis based on 
results from more 
recent ZPR/ZPPR 
benchmark 
evaluations
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Revision:
PFacility-VVER-EXP-001

Kurchatov

VVER Physics 
Experiments

P-Facility

Corrected error in 
benchmark diagram for 
absorber rod diameter 

Figure 8
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Revision:
SCCA-SPACE-EXP-003

Be-Reflected 
HEUO2 Space 
Reactor Mockup
ORCEF

Margaret Marshall 
(INL)

Added two 
configurations with 
a steel calandria
and then 
potassium to 
simulate coolant
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SCCA-SPACE-EXP-003 Results
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 Calculation of potassium worth significantly poor.  

Recommend identification and evaluation of additional 

potassium measurements before refining nuclear data.



Revision:
ZPPR-LMFR-EXP-011

 ANL – ZPPR-2
MOX w/ Na Reflected by 

DU, Na, SS

 Rich Lell

 Added neutron 
spectra and sodium 
void worth 
measurements in a 
plate-loaded core
 Small worths with 

relatively large 
experimental 
uncertainties contribute 
to large calculation 
deviations.
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Draft Additions to the Handbook

 2 New Drafts

DIMPLE

o UK Winfrith Reactor

o CERES Phase II 
program to validate 
fission product 
poisoning

VENUS-17

o Mol, Belgium

o Varying MOX 
loading experiments
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Draft evaluations 
aren’t approved 
benchmarks

Provide avenue for 
data preservation

Make available for 
public use until 
evaluation can be 
completed



New Draft: DIMPLE-LWR-EXP-003 

 LWR UO2 Lattice 
Core

David Hanlon (UK)

 Part of UK/CEA 
CERES collaboration

 Phase II: Reactivity 
measurements of 
fission product 
simulant samples

Sm, Nd, Gd, Eu, Rh, 
Ag, Cs, Ru, Mo
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New Draft: VENUS-PWR-EXP-006 

VENUS-17 
Plutonium Recycle 
Physics Project 
(Belgium)

Kevin Hesketh (UK)

Study of different 
MOX fuel with 
varying Pu content 
and isotopics
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Recent Additions to the Handbook

 2 Completed Drafts

DUKE

o Depletion Reactivity

MINERVE

o CERES 

 6 New

IPEN/MB-01

o Isothermal 
Reactivity 
Coefficient

o Mo Rods
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LR-0
o VVER-1000 

Experiments with 
Graphite and Fluoride 
Salt Insertions

PROTEUS
o GCFR Core 11

Reactor B
o Internal Neutron 

Converters

TRIGA
o Reaction Rate 

Distribution 
Measurements



New: DUKE-PWR-POWER-001

PWR Depletion 
Reactivity 
Measurements

Kord Smith (MIT)

Dale Lancaster

Use of inferred reactivities to determine mean 
reactivity change due to burnup

37

Missed 2016 
publication 
deadline

Will be in 2017 
edition



New: MINERVE-FUND-RESR-001

French MINERVE 
Reactor

Alain Santamarina

CERES II fission 
product worth 
measurements

Sm, Nd, Gd, Eu, Rh, 
Cs, Mo, Tc

Calculation 
agreement within 
5% except for Cs, 
Tc (10%)
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New: IPEN(MB-01)-LWR-RESR-017

Brazil – UO2 LWR 
Core Loadings
Adimir

dos Santos

 Inversion point
of the isothermal 
reactivity 
coefficient 
for three 
configurations
Calculations 

slightly off by a 
few degrees
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New: IPEN(MB-01)
-LWR-RESR-018

Brazil – UO2 LWR 
Core with Mo Rods

Adimir dos Santos

 Investigated solid 
Mo rods in thermal 
spectra

Excellent calculation 
agreement
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New: LR(0)-VVER-RESR-003

VVER-1000 
Physics 
Experiments

Research Center 
Rez

 Investigate reactor 
physics problems 
for MSR and FHR

FLINA and FLIBE

Criticality only
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New: PROTEUS-GCFR-RESR-001

 (PSI) GCFR-
PROTEUS Core 11

Gareth Newman 
(UF)

 Coupled fast-
thermal reactor 
spectral 
measurements

Generally good 
agreement except 
a few outliers
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New: RB-FUND-EXP-008

Serbia RB Reactor

Milan Pesic

U-metal and/or UO2 fueled HWR

Three core loadings to develop 
Internal Neutron Converter (INC)
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New: TRIGA
-FUND-RESR-002

Slovenia 

Ziga Stancar

Luke Snoj

Absolute fission 
rate distribution 
measurements to 
support thermal 
power calibration

Numerous 
measurements 
throughout core
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Evaluations Planned for Future IRPhEP 
Publication

 AGN-201M @ ISU

 IPEN/MB-01 
Subcritical 
Measurements

 BWR Cold Critical 
Experiments

 KRITZ-1 Experiment

 EBR-II Loading 138

 ORNL MSRE

 BEAVERS 
Benchmark
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LR-0 VVER-1000 
Measurements

Additional 
measurements in 
KUCA and HTR-
PROTEUS

GCFR-PROTEUS 
additional cores

Transient Reactor 
Test (TREAT) 
Facility



International Collaboration on Minor Actinide 
Irradiation Measurements

Validation of Minor 
Actinide Cross 
Sections
ORNL-JAEA Project

Irradiated in 
Dounreay Prototype 
Fast Reactor

Joint collaboration 
between IRPhEP and 
SFCOMPO

Need Dounreay PFR 
data to perform 
quality benchmark 
evaluation
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Conclusions

The ICSBEP and IRPhEP continue to provide 
high-quality integral benchmark data

Valuable for nuclear data testing, uncertainty 
reduction, criticality safety, reactor physics, 
advanced modeling and simulation

Data contributed from 25 countries

Enable current and future
activities supported by 
experimental validation
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Questions?
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Extra Slides
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Countries Participating in the ICSBEP & IRPhEP

 Argentina
 Belgium
 Brazil
 Canada
 People’s Republic of China
 Czech Republic
 France
 Germany
 Hungary
 India 
 Israel
 Italy
 Japan
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 Kazakhstan
 Poland
 Republic of Korea
 Russian Federation
 Serbia
 Slovenia
 South Africa
 Spain
 Sweden
 Switzerland
 United Kingdom
 United States of America



Directed and Distributed via the OECD NEA
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Current OECD/NEA Member Countries
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Australia France Luxembourg Slovak Republic

Austria Germany Mexico Slovenia

Belgium Greece Netherlands Spain

Canada Hungary New Zealand Sweden

Chile Iceland Norway Switzerland

Czech Republic Ireland Poland Turkey

Denmark Israel Portugal United Kingdom

Estonia Italy Republic of Korea United States

Finland Japan Russian Federation


